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(57) A power supply system of an embodiment has
a plurality of power conditioners, an acquisition device,
and a search instruction generator. The power condition-
ers convert a form of electrical power generated by a
plurality of electrical generators into a different form of
electrical power. The acquisition device acquires a re-
spective information regarding power output from each
of the plurality of power conditioners. The search instruc-
tion generator generates and outputs an operating point

FIG. 1 1

search instruction to one or more power conditioners be-
ing lower in a ratio of output power with respect to a ref-
erence power by at least a prescribed degree than one
or more different power conditioners, wherein the refer-
ence power is given, based on the maximum output pow-
er or rated power of the corresponding electrical gener-
ator, or based on the maximum output power or rated
power of the power conditioner.
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Description
[Field of Art]

[0001] Embodiments of the present invention relate to
a power supply system.

[Background Art]

[0002] Conventionally, a controller has been known in
which an operating voltage at which the power of an elec-
trical generator is maximum is determined as a voltage
by a primary search operation, a search is performed by
stepwise variation of the operating voltage with a primary
operating voltage as a reference, and the operating volt-
age at which the electrical power is maximum is deter-
mined as a secondary search operating voltage. In this
apparatus, because the operating voltage is searched
for based on information of an electrical generator con-
trolled by the apparatus itself, there has been a case in
which it is not possible to appropriately set the search
timing for the operating point.

[Prior Art References]
[Patent References]
[0003]

[Patent Reference 1] Japanese Patent Application
Publication No. 2012-221151

[Patent Reference 2] Japanese Patent Application
Publication No. 2012-186263

[Patent Reference 3] Japanese Patent Application
Publication No. 2014-216507

[Patent Reference 4] Japanese Patent Application
Publication No. 2013-157595

[Patent Reference 5] Japanese Patent Application
Publication No. 2013-65797

[Summary of the Invention]
[Problem to be Solved by the Invention]

[0004] The problem to be solved by the presentinven-
tion is to provide a power supply system capable of more
appropriately establishing the operating point search tim-

ing.
[Means for Solving the Problem]

[0005] A power supply system of an embodiment has
a plurality of power conditioners, an acquisition device,
and a search instruction generator. The power condition-
ers convert a form of electrical power generated by a
plurality of electrical generators into a different form of
electrical power. The acquisition device acquires a re-
spective information regarding power output from each
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of the plurality of power conditioners. The search instruc-
tion generator makes reference to the respective infor-
mation acquired by the acquisition device generates and
outputs an operating point search instruction to one or
more power conditioners being lower in a ratio of output
power with respect to a reference power by at least a
prescribed degree than one or more different power con-
ditioners, the one or more different power conditioners
and the one or more power conditioners being of the plu-
rality of power conditioners, wherein the reference power
is given, based on the maximum output power or rated
power of the corresponding electrical generator, or based
on the maximum output power or rated power of the pow-
er conditioner.

[Brief Description of the Drawings]
[0006]

FIG. 1 shows an example of the constitution of a
power supply system 1 of a first embodiment.

FIG. 2 shows the functional constitution of a power
conditioner 20-1.

FIG. 3 is a flowchart showing the flow of processing
executed by a controller 40.

FIG. 4 shows an example of the output characteris-
tics of a power conditioner 20 for the case in which
the power that is generatable by an electrical power
generator 10 of an electrical power generating unit
U is smaller than the maximum power or rated power
of a converter 30.

FIG. 5 shows an example of the output characteris-
tics of a power conditioner 20 for the case in which
is generatable by the electrical power generator 10
of an electrical power generating unit U is larger than
the maximum power or rated power of-the converter
30.

FIG. 6 shows how the reference power Pref is es-
tablished based on the output characteristics of each
unit U.

FIG. 7 shows an example of an electrical generation
ratio calculation method for the case in which the
output characteristics differ between power condi-
tioners 20.

FIG. 8 is a flowchart showing the flow of processing
to be executed for the case of the power conditioner
20 receiving a search instruction signal.

FIG. 9 describes the searching for the operating point
executed by the operating point searcher 50.

FIG. 10 shows an example of the constitution of a
power supply system 1A of a variation example of a
second embodiment.

FIG. 11 is a flowchart showing a variation example
of the flow of processing executed by a monitoring
apparatus 100.

FIG. 12 describes the set time and the generated
electrical power.

FIG. 13 shows an example of the constitution of a



3 EP 3 358 436 A1 4

power supply system 1B of a third embodiment.
FIG. 14 shows an example of the constitution of a
power supply system 1C of a fourth embodiment.
FIG. 15 shows an example of the constitution of a
power supply system 1D of a fifth embodiment.
FIG. 16 shows an example of the constitution of a
power supply system 1E of a sixth embodiment.
FIG. 17 shows the functional constitution of an elec-
trical generation controller 120.

FIG. 18 shows an example of the constitution of the
power supply system 1E of a variation example of
the sixth embodiment.

FIG. 19 shows an example of the constitution of a
power supply system IF of a seventh embodiment.
FIG. 20 is a flowchart showing the flow of processing
executed by the controller 40 in an eighth embodi-
ment.

FIG. 21 describes an excluded electrical generating
unit U.

[Embodiments]

[0007] Power supply systems of embodiments are de-
scribed below, with references made to the drawings.

(First Embodiment)

[0008] FIG. 1 shows an example of the constitution of
the power supply system 1 of the first embodiment. The
power supply system 1 has the plurality of electrical gen-
erators 10-1 to 10-8, and the power conditioners 20-1
and 20-2. In the following, in the electrical generators 10
and the power conditioners 20, unless a distinction is
made, the hyphen (-) and the number following the hy-
phen in the reference symbol will be omitted. The power
conditioners 20-1 and 20-2 are connected to a grid power
source 90. The power supply system 1 may have three
or more power conditioners 20.

[0009] The electrical generator 10 is, for example, a
photovoltaic apparatus. The electrical generators 10 are
electrically connected to a power conditioner 20. For ex-
ample, the electrical generators 10-1 and 10-2 and the
electrical generators 10-3 and 10-4 are each connected
in series. The series-connected electrical generators
10-1 and 10-2 (string) and the electrical generators 10-3
and 10-4 are connected with parallel with the power con-
ditioner 20-1. The electrical generators 10 convert sun-
light energy to direct-current power, which is output to
the power conditioners 20. The electrical generator 10,
rather than a photovoltaic apparatus, may be another
electrical generator of a type in which the output electrical
power varies in accordance with the natural environment,
such as wind-powered electrical generator or a geother-
mal electrical generator. In the following, the electrical
generators 10-1 to 10-4 and the power conditioner 20-1
will be referred to as the electrical generating unit U-1
and the electrical generators 10-5 to 10-8 and the power
conditioner 20-2 will be referred to as the electrical gen-
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erating unit U-2. In the following, unless a distinction is
made between the electrical generating unit U-1 and the
electrical generating unit U-2 they will be referred to sim-
ply as the electrical generating unit U. The electrical gen-
erators 10-1 to 10-4 are an example of "electrical gener-
ators corresponding" to the power conditioner 20-1, and
the electrical generators 10-5 to 10-8 are an example of
"electrical generators corresponding" to the power con-
ditioner 20-2. A diode (not shown) may be connected in
series with respect to series-connected electrical gener-
ators (a string), in which case the diode is connected in
the direction outputting (allowing the flow of current) from
the electrical generators to the power conditioner.
[0010] The grid power source 90 is, for example, an
alternating-current power source supplied from an elec-
trical power company. The grid power source is connect-
ed to, for example, a load using alternating current elec-
trical power or, via a power conditioner of a type not
shown in FIG. 1, a storage battery.

[0011] The power conditioner 20, for example, may be
a PCS (power conditioning system) that converts direct-
current power generated by the electrical generator 10
to alternating-current power and outputs itto the grid pow-
er source 90. In the first embodiment, the power condi-
tioner 20-1 functions as a master apparatus, and the pow-
er conditioner 20-2 functions as a slave apparatus. In the
following, the description will be of the power conditioner
20-1, which is the master apparatus.

[0012] FIG. 2 shows the functional constitution of the
power conditioner 20-1. The power conditioner 20-1 has
a converter 30, a controller 40, and a communicator 60.
[0013] The converter 30, for example, has a non-illus-
trated DC (direct current)-to-DC converter, an inverter,
and a driver or the like. The DC-DC converter converts
the direct-current power input from the electrical gener-
ator 10 to direct-current electrical power of the desired
currentand voltage. The inverter has a plurality of switch-
ing elements and, by on-off controlling a switching ele-
ment based on a gate control signal output from the driv-
er, converts the direct-current electrical power converted
by the DC-DC converter to alternating-current electrical
power. The driver has a PWM (pulse width modulation)
controller, a gate driver, or the like. The PWM controller,
based on a signal input from the controller 40, computes
the on/off timing of the switching element. The PWM con-
troller generates a PWM signal based on the computed
on-off timing and outputs the PWM signal to the gate
driver. The gate driver operates the switching element to
turn in on and off based on the PWM signal generated
by the PWM controller.

[0014] The controller 40 has a DC current detector 42,
a DC voltage detector, a central controller 46, a search
instruction generator 48, a local search instruction gen-
erator 49, an operating point searcher 50, a storage 52,
an AC current detector 54, and an AC voltage detector
56. Of these functional parts, the central controller 46,
the search instruction generator 48, the local search in-
struction generator 49, and the operating point searcher
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50 may be implemented, for example, by a processor
such as a CPU (central processing unit) executing a pro-
gram. These functional parts may also be implemented
by hardware such as an LS| (large-scale integration) de-
vice, an ASIC (application-specific integrated circuit), or
an FPGA (field-programmable gate array).

[0015] The storage 52 may be implemented, for exam-
ple, by a ROM (read-only memory), a RAM (random-
access memory), an HD (hard-disk) drive, or a flash
memory. The power conditioner 20-2, which is the slave,
can be constituted with the search instruction generator
48 omitted from the constitution shown in FIG. 2.
[0016] The DC current detector 42 detects the current
value of the DC electrical power output from the electrical
generator 10. The DC voltage detector 44 detects the
voltage value of the DC electrical power output from the
electrical generator 10. An estimated value of a DC volt-
ageoraDC currentbased on other detection information,
circuit information, and control information may be used
in controlling the central controller 46. Detection informa-
tion is internal temperature, external temperature, exter-
nal humidity, and position (GPS) information and the like.
Circuit information is the main circuit information for con-
verting from the direct current of the power conditioner
20 to alternating current and is information such as the
voltage and current peculiar to the circuit. Control infor-
mation is a control variable of the power conditioner 20,
for example, PI control integrator information (where |
indicates integral) to be used in voltage control and cur-
rent control.

[0017] The AC current detector 54 detects the current
value of the AC electrical power output from the converter
30. The AC voltage detector 56 detects the voltage value
of the AC electrical power output from the converter 30.
The AC voltage value and AC current value estimated
based on other detection information, circuit information,
and control information may be used in control by the
central controller 46.

[0018] The central controller 46 integrally controls the
various parts and controls the operational state (operat-
ing or stopped) of the converter 30. The central controller
46 calculates the alternating current electrical power,
based on the current value detected by the AC current
detector 54 and the voltage value detected by the AC
voltage detector 56. The alternating current electrical
power corresponds to the output power of the converter
30.

[0019] The search instruction generator 48 references
the output power of the converter 30 and generates and
outputs an operating point search instruction with respect
to a converter 30, of the plurality of converters 30, that
outputs a power that is a prescribed degree lower than
the other converters 30. More specifically, the search in-
struction generator 48 generates and outputs an operat-
ing point search instruction with respect to a converter
30 that has an output power with a ratio to a reference
power that is a prescribed degree lower than the other
converters 30. The reference power may be the maxi-
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mum output power or the rated output power of the elec-
trical generator 10, or the maximum output power or rated
output power of the converter 30. The reference power
may be the limit value of the output power or a command
value applied to the power conditioner 20.

[0020] The local search instruction generator 49, re-
gardless of the operating point search instruction based
on the determination result of the search instruction gen-
erator 48, varies the operating point and moves the op-
erating point (search) in the direction in which the output
power increases. Because the currentand voltage values
of the power output by the electrical generator 10 vary
depending upon the amount of sunlight and the temper-
ature, the local search instruction generator 49 performs
processing to vary the operating point with the set first
period and move the operating point in the direction in
which the output power increases.

[0021] The operating point searcher 50, based on a
search instruction generated by the search instruction
generator 48 or the search instruction generated by the
local search instruction generator 49, searches for the
operating point. The operating point, for example, is the
point for performing maximum power point tracking
(MPPT). The operating point searcher 50, for example,
while varying the output current and voltage of the con-
verter 30 within a pre-established range, determines the
operating point (output current and output voltage) at
which the power output by the electrical generator 10 or
the converter 30 is maximum. The search processing for
the operating point by an instruction of the local search
instruction generator 49 may be simpler than the search
processing for the operating point by an instruction of the
search instruction generator 48. For example, it may be
ended when a local maximum value is determined, or
may search over a narrow range.

[0022] The storage 52 has stored therein a program
that is executed by the central controller 46, the search
instruction generator 48, the local search instruction gen-
erator 49, orthe operating pointsearcher 50. The storage
52 also has stored therein the reference power.

[0023] Wireless communication is performed between
the communicator 60 of the power conditioner 20-1 and
the communicator 60 of the power conditioner 20-2. For
example, between the communicators 60, communica-
tion is performed using the low-power wireless 920-MHz
band or 2.4-GHz band. The communicator 60 acquires
information (electrical generation information) regarding
the power output by each of the plurality of power con-
ditioners 20. Between power conditioners 20, communi-
cation may be performed by power line communication
or via a network NW, such as a LAN (local area network),
in which case the power conditioner 20 has a communi-
cation interface that handles each of the forms of com-
munication.

[0024] FIG. 3 is a flowchart showing the flow of
processing executed by the controller 40. This process-
ing is repeatedly executed, for example, with a pre-es-
tablished second time period. The second time period is,
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for example, longer than the first period.

[0025] First, the search instruction generator 48 se-
lects one power conditioner 20 from the other power con-
ditioners 20 or from the central controller 46, and acquires
the output power thereof (step S100) via the communi-
cator 60. Next, the search instruction generator 48 ac-
quires from the storage 52 the reference power of the
converter 30 thereof (step S102). Next, the search in-
struction generator 48 calculates the electrical genera-
tion ratio by dividing the output power of the converter
30 acquired at step S100 by the reference power ac-
quired at step S102 (step S104). The electrical genera-
tion ratio may be acquired from the power conditioner 20
rather than by calculation from the output power and the
reference power.

[0026] The details of the reference power will now be
described. The reference power differs between the case
in which the power that is generatable by the electrical
generator 10 is smaller than the maximum power or rated
power of the converter 30 and the case in which the power
that is generatable by the electrical generator 10 is larger
than the maximum power or rated power of the converter
30. The reference power, for example, is determined by
the output characteristics of the power conditioner 20,
which are dependent on the output characteristics of the
electrical generator 10 or the converter 30.

[0027] If the rated output power of the electrical gen-
erator 10 of the electrical generating unit U is smaller
than the rated output power of the converter 30, the ref-
erence power is determined by the output characteristics
of the electrical generator 10. FIG. 4 shows an example
of the output characteristics of an electrical generating
unit U for the case in which the power that is generatable
by the electrical generator 10 is smaller than the maxi-
mum power or rated power of the converter 30. The draw-
ing shows the output power during the times of the day
that the electrical generating unit U is generating power
overthe period of one day. The example illustrated shows
the case in which the prescribed irradiance energy at
each time is imparted to the electrical generating unit U.
The vertical axis represents the output power of the elec-
trical generating unit U and the horizontal axis represents
time. In this case, the reference power, for example, is
established by the maximum output power or rated output
power of the electrical generator 10. The storage 52 in-
cludes a map, a function, or a table of data that returns
the reference power of the electrical generator 10.
[0028] However, if the rated output power of the elec-
trical generator 10 of the electrical generating unit U is
larger than the rated output power of the converter 30,
the reference power is determined by the output charac-
teristics of the power conditioner 20, which are depend-
ent on the converter 30. FIG. 5 shows the output char-
acteristics of the electrical generating unit U in the case
in which the power that is generatable by the electrical
generator 10 of the electrical generating unit U is larger
than the power than the maximum power or rated power
of the converter 30. This drawing shows the output power
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during the times of the day that the electrical generating
unit U is generating power over the period of one day.
The example illustrated in this drawing shows the case
in which the energy of a prescribed irradiance at each
time is imparted to the electrical generating unit U. The
vertical axis represents the output power of the electrical
generating unit U and the horizontal axis represents time.
The reference power, for example is established by the
maximum output power or rated output power of the pow-
er conditioner 20.

[0029] The electrical generation ratio determined at
step S104 is calculated by the search instruction gener-
ator 48 by dividing the output power of the electrical gen-
erating unit U by reference power (maximum output pow-
er or rated output power of the electrical generator 10).
The search instruction generator 48, for example, refer-
ences information stored in the storage 52, derives the
reference power of the electrical generator 10, and cal-
culates the electrical generation ratio by dividing the out-
put power of the electrical generating unit U at that point
in time by the reference power.

[0030] FIG. 6 shows how the reference power Pref is
established, based on the output characteristics of each
electrical generating unit U. In this drawing, the premise
is that each electrical generating unit U has the output
characteristics shown in FIG. 4. The vertical axis repre-
sents the output power of the electrical generating unit
U, and the horizontal axis represents time. This drawing
shows the output power of the electrical generating unit
U over one day. The trend curve L1 shows the trend of
output power of the electrical generating unit U1 versus
time. The trend curve L2 shows the trend of the output
power of the electrical generating unit U2 versus time.
The trend curve L3 shows the trend of the output power
of the electrical generating unit U3 versus time. In the
drawing, the maximum output powers of electrical gen-
erating units U1 to U3 are represented as Pref(U1),
Pref(U2), and Pref(U3), respectively. The electrical gen-
erating unit U1, for example, because it faces Eastward,
has a large electrical generation amount in the morning.
The electrical generating unit U2, for example, because
it faces Westward, has a large electrical generation
amount in the afternoon. The electrical generating unit
U3, for example, faces Southward and has a maximum
output power that is larger than that of the electrical gen-
erating units U1 and U2. In this case, the reference power
Pref(U1) is established as the output power at the time
at which the trend curve L1 is the maximum value during
one day. The reference power Pref(U2) is established as
the output power at the time at which the trend curve L2
is the maximum value during one day. The reference
power Pref(U3) is established as the output power at the
time at which the trend curve L3 is the maximum value
during one day.

[0031] The electrical generation ratio is determined
based on the reference power Pref established for each
of the electrical generating units U. FIG. 7 shows an ex-
ample of the power generation calculation method for the
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case in which the output characteristics differ between
the power conditioners 20. The Pref(U1), Pref(U2), and
Pref(U3) of the electrical generating units U1, U2, and
U3 indicate the reference powers of the electrical gener-
ating units U1, U2, and U3, respectively. The search in-
struction generator 48, for example, determines the elec-
trical generation ratio of the electrical generating unit U1
based on the reference power Pref(U1) and the output
power of the electrical generating unit U1 at that point in
time. The search instruction generator 48, for example,
determines the electrical generation ratio of the electrical
generating unit U2 based on the reference power
Pref(U2) and the output power of the electrical generating
unit U2 at that point in time. The search instruction gen-
erator 48, for example, determines the electrical gener-
ation ratio of the electrical generating unit U3 based on
the reference power Pref(U3) and the output power of
the electrical generating unit U3 at that point in time.
[0032] Next, the search instruction generator 48 deter-
mines whether or not the electrical generation ratios of
all the electrical generating unit U (for example, U1, U2,
and U3) have been acquired (step S106). If the electrical
generation ratios of all the electrical generating units U
have not been acquired, return is made to the processing
of step S100, the next power conditioner 20 is selected,
and the output power thereof is acquired.

[0033] If the electrical generation ratios of all electrical
generating units U have been acquired, the search in-
struction generator 48 compares the electrical genera-
tion ratios between electrical generating units U and de-
termines whether or not there is an electrical generating
unit U having an electrical generation ratio that is lower
by at least a prescribed degree than the electrical gen-
eration ratio of the other electrical generating units U
(step S108). For example, the search instruction gener-
ator 48 determines whether or not there is an electrical
generating unit U among the electrical generating units
U of which the electrical generation ratio was calculated
having an electrical generation ratio that is at least a pre-
scribed degree lower. "An electrical generation ratio that
is at least a prescribed degree lower" is, for example, if
the electrical generation ratios are taken as a data set,
adeviation from arepresentative value of atleast o. stand-
ard deviations (o), where a may be established arbitrarily
in the range of approximately 1 to 3. The search instruc-
tion generator 48 may use a known method such as Smir-
nov-Grubbs to determine whether or not a calculated
electrical generation ratio is an outlying value. If the de-
termination is that the calculated electrical generation ra-
tio is an outlying value, the search instruction
generator48 determines that the calculated electrical
generation ratio is an electrical generation ratio that is
the prescribed degree lower. As described above, al-
though there are cases in which the output characteristics
will differ between individual electrical generating units
U, depending upon the installation location and direction,
the search instruction generator 48 sets the threshold
with respect to the deviation for determining an outlier so
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that it is not affected by a difference in output character-
istics dependent upon the installation location or direc-
tion.

[0034] The search instruction generator 48 may group
the electrical generating units U, for example in accord-
ance with the trends in output characteristics, and deter-
mine whether or not, among the grouped electrical gen-
erating units U, there exists an electrical generating unit
U having an electrical generation ratio that is at least a
prescribed degree lower. The trends in the output char-
acteristics are trends that classify, for example, into a
type that generates a lot during the morning and a type
that generates a lot during the afternoon. For example,
the search instruction generator 48 groups the electrical
generating units U into electrical generating units U that
output the maximum power in the morning and electrical
generating units U that output the maximum power in the
afternoon. By grouping the electrical generating units U
in accordance with the trends of their output character-
istics, the search instruction generator 48 can control the
occurrence of erroneous detection because of time-de-
pendent differences in output characteristics and can
more accurately detect abnormalities.

[0035] If no electrical generating unit U exists having
an electrical generation ratio that is lower by a prescribed
degree, the processing of this flowchart ends. If an elec-
trical generating unit U exists having an electrical gener-
ation ratio thatis lower by a prescribed degree, the search
instruction generator 48 generates a search instruction
signal (step S110). The search instruction signal gives
an instruction to search for an operating point in a range
that is set in the operating point searcher 50. Details of
this will be described later. Next, the search instruction
generator 48 transmits the generated search instruction
signal to the electrical generating unit U that was judged
at step S108 to have an electrical generation ratio that
is lower by a prescribed degree (step S112). This ends
the processing of this flowchart.

[0036] The reference power is not restricted to being
the maximum output power of that electrical generating
unit U, and may be the rated output power of the electrical
generating unit U. The reference power, for example,
may be the maximum output power or rated output power
for each time at which there is the ideal sunlight, in which
case the reference power is a value that varies with time.
[0037] FIG. 8 is a flowchart showing the flow of
processing executed when the power conditioner 20 re-
ceives a search instruction signal. First, the central proc-
essor 46 determines whether or not a search instruction
signal has been received (step S150). If a search instruc-
tion signal has not been received, the routine of this flow-
chart is ended.

[0038] Ifa search instruction signal has been received,
the operating point searcher 50 searches for an operating
point in a set voltage range Vr (step S152). FIG. 9 de-
scribes the operating point search executed by the op-
erating point searcher 50. The vertical axis represents
the output power of the electrical generating unit U (elec-
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trical generator 10), and the horizontal axis represents
the output voltage of the electrical generator 10. As
shown in this drawing, a plurality of points appear at which
the output power is large. This is the influence of a partial
shadow in the sunlighton a sub-string connected in series
within the electrical generator 10. A sub-string has a plu-
rality of solar cells that are series connected and a bypass
diode to prevent the flow of a reverse current, connected
in parallel with the series-connected solar cells. If there
is a shadow on a part of a sub-string, because there is a
circulated currentin the bypass diode, a number of points
appear at which the output voltage is large. In that case,
there is the case in which a point Pc at which the output
power is smaller than Pmax, at which the output voltage
is maximum, is set as the operating point. When the
search instruction signal is received, the operating point
searcher 50 of the present embodiment searches for the
operating point in the set voltage range Vr. As a result,
the operating pointsearcher 50 can derive the point Pmax
at which the output voltage is maximum.

[0039] Next, the central processor 46 operates the
electrical generator 10 at the operating point found by
the operating point searcher 50 (step S154). This ends
the routine of this flowchart.

[0040] For example, in order to determine whether or
not the current operating point enables the maximum out-
put power, if the operating point is searched for with a
prescribed time interval, there is a case in which a search
for the operating point is done regardless of the current
operating point being the operating point enabling the
maximum output power. In this case, because some pre-
scribed amount of time is required to perform an operat-
ing point search with respect to a prescribed voltage
range, there have been cases in which the amount of
electrical generation has decreased.

[0041] In contrast, the power conditioner 20-1 of the
present embodiment transmits a search instruction sig-
nal to an electrical generating unit U having an electrical
generation ratio that is lower by a prescribed degree.
This, by the power conditioner 20 of the electrical gen-
erating unit U that has a low electrical generation ratio
performing a search for the operating point with respect
to a prescribed voltage range, the operating point ena-
bling the maximum power output can be found. As a re-
sult, the power conditioner 20-1 can suppress areduction
in electrical generation amount caused by unnecessary
operating point searching. The power conditioner 20-1
can also cause the electrical generator 10 to operate at
an operating point having a higher electrical generation
ratio.

[0042] Inthe present embodiment, although the power
conditioner 20-1 functions as a master apparatus, and
the power conditioner 20-2 functions as a slave appara-
tus, each of the power conditioner 20-1 and the power
conditioner 20-2 may function as a master apparatus pro-
vided with a search instruction generator 48. In that case,
each of the power conditioner 20-1 and the power con-
ditioner 20-2 compares the electrical generation ratio of
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the other power conditioner with its own electrical gen-
eration ratio and, if its own electrical generation ratio is
low, causes its own local search instruction generator 49
to search for the operating point.

[0043] According tothe above-described power supply
system of the first embodiment, the search instruction
generator 48 references the output power of the power
conditioners 20 acquired by the communicator 60, the
AC current detector 54 and the AC voltage detector 56
and, with respectto a power conditioner 20 of the plurality
of power conditioners 20 that has an output power that
is a prescribed degree lower than the other power con-
ditioners 20, generates and outputs a search instruction
to search for the operating point, thereby enabling more
appropriate establishment of the timing of the search for
the operating point.

(Second Embodiment)

[0044] The second embodiment will now be described.
The points of difference from the first embodiment will be
the focus of the description, and functions and the like
that are in common with the first embodiment will be omit-
ted. In the second embodiment, a monitoring apparatus
100 references the output power of the power condition-
ers 20 and, with respect to a power conditioner 20 that
has an output power that is at least a prescribed degree
lower than the other power conditioners 20, an operating
point search instruction is generated and output.

[0045] FIG. 10 shows an example of the constitution
of a power supply system 1A of the second embodiment.
The power supply system 1A, in addition to an electrical
generating unit U1A that includes electrical generators
10-1A to 10-4A and a power conditioner 20-1A and an
electrical generating unit U1A that includes electrical
generators 10-5A to 10-8A and a power conditioner
20-1A, has a monitoring apparatus 100.

[0046] The monitoring apparatus 100 has, for exam-
ple, a monitor-side communicator 102, a network com-
municator 104, a monitor-side search instruction gener-
ator 106, a display 108, and a monitor-side storage 110.
The monitor-side communicator 102 communicates with
the communicator 60 of the power conditioners 20 via a
network NW, such as a LAN. The network communicator
104 is a communication interface capable of connection
to an external network NW.

[0047] The monitor-side search instruction generator
106 references the output power acquired from the power
conditioners 20 and, of the plurality of power conditioners
20, generates and outputs to a power conditioner 20 that
has an output power that is at least a prescribed degree
lower than the other power conditioners 20 an operating
point search instruction.

[0048] The display 108 is a display device such as an
LED digital display having a plurality of segments, and
LCD (liquid crystal display), or an organic EL (electrolu-
minescence) display. The display 108 displays the output
power and the like acquired from each of the power con-
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ditioners 20.

[0049] The monitor-side storage 110 stores a program
that is executed by the monitor-side search instruction
generator 106. The monitor-side storage 110 also stores
information of the reference power of each of the power
conditioners 20.

[0050] The power conditioners 20-1A and 20-2A of the
present embodiment, with the exception of having the
search instruction generators 48, have the same consti-
tutions as the power conditioner 20-1 of the first embod-
iment.

[0051] FIG. 11 is a flowchart showing a variation ex-
ample of the flow of processing executed by the moni-
toring apparatus 100. In this processing, if a set time is
reached and also the generated power is at least a
threshold Th, a determination is made of whether or not
there exists an electrical generating unit U having a low
electrical generation ratio.

[0052] First, the monitor-side search instruction gen-
erator 106 determines whether or not the set time has
been reached (step S200). If the set time has not been
reached, the routine of this flowchart ends. If the set time
has been reach, the monitor-side search instruction gen-
erator 106 determines whether or not the referenced gen-
erated power is at least the threshold Th (step S202).
The referenced generated power can be the generated
power of one of the electrical generating unit UTA and
the electrical generating unit U2A, or can be the com-
bined calculated generated power of both thereof.
[0053] FIG. 12 describes the set time and the gener-
ated electrical power. The vertical axis represents power,
and the horizontal axis represents the time t. In this draw-
ing, GP indicates the generated power, and D indicates
the power demand. For example, the period from 1100
to 1300, in which the power demand is low during the
day, is taken to be the set time in step S200. A power
that is greater than the power demand is taken as the
threshold Th. By doing this, even if the power conditioner
20 performs a search for the operating point, because
there is a generated power margin, a decrease in the
supply of power can be suppressed.

[0054] If the referenced generated power is below the
threshold Th, the routine of the flowchart ends. If, how-
ever, the referenced generated power is at least the
threshold Th, the monitor-side search instruction gener-
ator 106, via the monitor-side communicator 102, selects
one power conditioner 20 from the other power condi-
tioners 20 and acquires the output power thereof (step
S204). Next, the monitor-side search instruction gener-
ator 106 acquires from the monitor-side storage 110 the
reference power corresponding to that power conditioner
20 (step S206). Next, the monitor-side search instruction
generator 106 divides the output power of the power con-
ditioner 20 acquired at step S106 by the reference power
acquired at step S206 to calculate the electrical genera-
tion ratio (step S208). Next, the monitor-side search in-
struction generator 106 determines whether or not the
electrical generation ratios of all the electrical generating
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units U have been acquired (step S210). If the electrical
generation ratios of all the electrical generating units U
have not been acquired, return is made to the processing
of step S204, and the next power conditioner 20 is se-
lected, and the output power thereof is acquired.
[0055] If the electrical generation ratios of all the elec-
trical generating units U have been acquired, the monitor-
side search instruction generator 106 compares the elec-
trical generation ratios between the electrical generating
units U and determines whether or not there exists an
electrical generating unit U having an electrical genera-
tion ratio that is at least the prescribed degree lower (step
S212). If there is no electrical generating unit U having
an electrical generationratio thatis at least the prescribed
degree lower, the processing of the routine of this flow-
chart ends. If there is an electrical generating unit U hav-
ing an electrical generation ratio that is at least the pre-
scribed degree lower, the monitor-side search instruction
generator 106 generates a search instruction signal (step
S214). Next, the monitor-side search instruction gener-
ator 106 transmits the generated search instruction sig-
nal to the electrical generating unit having the low elec-
trical generation ratio (step S216). This ends the process-
ing of the routine of this flowchart this flowchart.

[0056] Although, in the present embodiment, in the
case in which the set time has been reached and also
the reference generated power is at least the threshold
Th, a determination was made of whether or not there
exists an electrical generating unit U with a low electrical
generation ratio, if the set time has been reached or the
referenced generated power is at least the threshold Th,
the monitoring apparatus 100 may determine at a set
interval whether or not there exists an electrical gener-
ating unit U having a low electrical generation ratio. If the
set time has been reached, a signal for causing a search
for the operating pointin the set voltage range Vris trans-
mitted to the power conditioner 20, and if the set has time
has not been reached, a determination may be made of
whether or not there exists an electrical generating unit
having a low electrical generation ratio.

[0057] According tothe above-described power supply
system 1A of the second embodiment, the monitoring
apparatus 100 references the output power of the power
conditioners 20 acquired by the monitor-side communi-
cator 102 and, of the plurality of power conditioners 20,
generates and outputs an operating point search instruc-
tion to a power conditioner 20 that has an electrical gen-
eration ratio that is at least a prescribed degree lower
than that of the other power conditioners, thereby ena-
bling more appropriate establishment of the timing of the
search for the operating point.

(Third Embodiment)

[0058] The third embodiment will now be described.
The points of difference from the first embodiment will be
the focus of the description, and functions and the like
thatare in common with the first embodiment will be omit-
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ted. In the third embodiment, the power conditioner 20-1B
and 20-2B each having a plurality of converters 30 (not
shown) is different from the first embodiment.

[0059] FIG. 13 shows an example of the constitution
of a power supply system 1B of the third embodiment.
The power supply system 1B of the third embodiment
has electrical generators 10-1B to 10-8B and power con-
ditioners 20-1B and 20-2B. The electrical generators
10-1B and 10-2B, 10-3B and 10-4B, 10-5B and 106B,
and 10-7B and 10-8B are each connected in series. In
the following, two electrical generators 10 connected in
series (as a string) will be called an electrical generator
group.

[0060] The power conditioner 20-1B and 20-2B have
a plurality of converters 30. The converters 30 have a
one-to-one correspondence with the electrical generator
groups. For example, the DC current output by the elec-
trical generator group of the electrical generators 10-1B
and 10-2B is input to the input 1n1 of a converter 30 of
the power conditioner 20-1B. For example, the DC cur-
rent output by the electrical generator group of the elec-
trical generators 10-3B and 10-4B is input to the input
1n2 of the converter 30 thatis different from the converter
30 corresponding to the input 1n1 of the power condi-
tioner 20-1B. The power conditioners 20-1B and 20-2B
search for an operating point in units of electrical gener-
ator groups. The power conditioners 20-1B and 20-2B
can, for electrical generator groups having output volt-
ages that are different with respect to an operating point
at which the output power of the electrical generator 10
is maximum, search for the operating pointin accordance
to each thereof. As a result, the power conditioner 20-1B
and 20-2B can more appropriately establish the timing
of the search for the operating points for each of the elec-
trical generator groups.

[0061] The search instruction generator 48 references
the output power of the converters 30 and, of the plurality
of converters 30, generates and outputs an operating
point search instruction with respect to a converter 30
having an output power that is lower than the other con-
verters 30 by a prescribed degree. The reference power
is the rated output power of the converter 30 with respect
to each input to which a DC current is input from an elec-
trical generator group.

[0062] According to the above-described power con-
ditioners 20 of the third embodiment, because the power
conditioners 20 can, for electrical generator groups hav-
ing output voltages that are different with respect to an
operating point at which the output power of the electrical
generator 10 is maximum, search for the operating point
in accordance to each thereof, they can more appropri-
ately establish the timing of the operating point search.

(Fourth Embodiment)
[0063] The fourth embodiment will now be described.

The points of difference from the first embodiment will be
the focus of the description, and functions and the like
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that are in common with the first embodiment will be omit-
ted. In the fourth embodiment, a power conditioner 20
being provided for each string and an inverter (string in-
verter) that converts the DC power output from the elec-
trical generators 10 included in a string to AC power are
the differences from the first embodiment.

[0064] FIG. 14 shows an example of the constitution
of a power supply system 1C of the fourth embodiment.
The power supply system 1C has electrical generators
10-1C to 10-4C and power conditioners 20-1C and
20-2C. The electrical generators 10-1C and 10-2C are
connected in series, and the output terminals of the elec-
trical generators 10-1C and 10-2C are connected to the
power conditioner 20-1C. The electrical generators
10-3C and 10-4C are connected in series, and the output
terminals of the electrical generators 10-3C and 10-4C
are connected to the power conditioner 20-2C.

[0065] The converters 30 of the power conditioners
20-1C and 20-2C are string inverters that convert DC
power to AC power. The string inverters search for the
operating point and perform power conditioning for each
of the series-connected electrical generators 10-1C and
10-2C and the series-connected electrical generators
10-3C and 10-4C.

[0066] According to the power conditioners 20 of the
above-described fourth embodiment, because operating
pointsearching and power conditioning are done for each
group of series-connected electrical generators 10, the
timing of search for the operating point for each group of
individual electrical generator 10 can be more appropri-
ately established.

(Fifth Embodiment)

[0067] The fifth embodiment will now be described.
The points of difference from the fourth embodiment will
be the focus of the description, and functions and the like
that are in common with the fourth embodiment will be
omitted. FIG. 15 shows an example of the constitution of
a power supply system 1D of the fifth embodiment. The
power supply system 1D has an electrical generator
10-1D, a power conditioner 20-1D that is electrically con-
nected to the electrical generator 10-1D, an electrical
generator 10-2D, and a power conditioner 20-2D that is
electrically connected to the electrical generator 10-2D.
The power conditioners 20-1D and 20-2D of the fifth em-
bodiment are each paired with an electrical generator 10,
and these pairs operate in parallel. The power condition-
ers 20-1D and 20-2D are so-called micro-inverters, which
convert the DC power output from the electrical genera-
tors 10 to AC power.

[0068] The monitor-side search instruction generator
106 of the monitoring apparatus 100D acquires the out-
put powers from the power conditioners 20 and gener-
ates and outputs an operating point search instruction
with respect to a power conditioner 20, of the plurality of
power conditioners 20, that has an output power that is
lower than other power conditioners 20 by at least a pre-
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scribed degree.

[0069] Accordingtothe above-described power supply
system 1D of the fifth embodiment, because the moni-
toring apparatus 100D determines whether there exists
an electrical generating unit U having an electrical gen-
eration ratio lower than a set value, the processing bur-
den on the power conditioner 20 can be reduced.

(Sixth Embodiment)

[0070] Next, the sixth embodiment will be described.
The points of difference from the second embodiment
will be the focus of the description, and functions and the
like that are in common with the second embodiment will
be omitted. In the sixth embodiment, the electrical gen-
eration controller 120 searches for the operating point of
the electrical generator 10.

[0071] FIG. 16 shows an example of the constitution
of a power supply system 1E of the sixth embodiment.
The power supply system 1E has an electrical generator
10-IE, an electrical generation controller 120-1 electrical-
ly connected to the electrical generator 10-1E, an elec-
trical generator 10-2E, an electrical generation controller
120-2 electrically connected to the electrical generator
10-2E, and a power conditioner 20E electrically connect-
ed to the electrical generation controllers 120-1 and
120-2. The power supply system 1E also has a monitor-
ing apparatus 100E that communicates with the electrical
generation controller 120-1 and the electrical generation
controller 120-2. In the following, unless there is a dis-
tinction made between the electrical generation control-
lers 120-1 and 120-2, they will be referred to as the elec-
trical generation controller 120.

[0072] FIG. 17 shows the functional constitution of the
electrical generation controller 120. The electrical gen-
eration controller 120 has a controller-side communicator
122,a DC-DC converter 124, and an electrical generation
unit 126. The controller-side communicator 122, for ex-
ample, communicates wirelessly with the monitor-side
communicator 102 of the monitoring apparatus 100. The
DC-DC converter 124 converts DC power to DC power
of a prescribed current and voltage, based on control by
the electrical generation unit 126, and outputs the result
to the electrical generator 10. The electrical generation
unit 126 controls the DC-DC converter 124 and searches
for the operating point.

[0073] The monitor-side search instruction generator
106 of the monitoring apparatus 100E references the out-
put power of the electrical generation controller 120 ac-
quired by the monitor-side communicator 102 and gen-
erates and outputs an operating point search instruction
to an electrical generation controller 120, of a plurality of
electrical generation controllers, 120 that has an output
power that is a prescribed degree lower than that of the
other electrical generation controllers 120, thereby ena-
bling more appropriate establishment of the timing of the
operating point search.

[0074] FIG. 18 shows an example of the constitution
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of the power supply system 1E of a variation example of
the sixth embodiment. As shown in the drawing, the elec-
trical generation controllers 120 may transmitand receive
data with the monitoring apparatus 100 via the power
conditioner 20.

[0075] According tothe above-described power supply
system IE, because the electrical generation controller
120 controls the electrical generators 10, the constitution
of the power conditioner 20 can be made simpler.

(Seventh Embodiment)

[0076] Next, the seventh embodiment will be de-
scribed. The points of difference from the second em-
bodiment will be the focus of the description, and func-
tions and the like that are in common with the second
embodiment will be omitted. In the present embodiment,
a monitoring apparatus 100F and a plurality of power
supply systems 1F-1 to 1F-n (not shown) are connected
to a network NW. In the following, unless a distinction is
made between the power supply systems 1F-1 to 1F-n,
the will be referred to as a power supply system IF.
[0077] FIG. 19 shows an example of the constitution
of a power supply system IF of the seventh embodiment.
In the present embodiment, the power supply system IF
has a position identifier 130. The position identifier 130,
for example, receives radio signals from a plurality of
GPS (Global Positioning System) satellites. The position
identifier 130, based on the received radio signals, iden-
tifies its own position by performing a position-finding
computation. The position identifier 130 transmits its own
position to the monitoring apparatus 100F via the network
NW.

[0078] The monitor-side search instruction generator
106 of the monitoring apparatus 100, based on the ac-
quired position information, acquires, via the network
NW, the output power of the power conditioners 20 be-
longing to a power supply system IF that is different from
the control target installed in the vicinity of the acquired
position. The relationship of correspondence between
the plurality of power supply systems IF and the position
information is stored, for example, in the storage 52. The
relationship of correspondence between the plurality of
power supply systems IF and the position information is
acquired from a host apparatus connected to the network
NW. The monitor-side search instruction generator 106,
for example via a network NW, acquires the output power
of an electrical generating unit U of the control target
power supply system IF and power supply system IF dif-
ferent from the control target. The monitor-side search
instruction generator 106 calculates the electrical gener-
ation ratio, based on the output power acquired from the
power supply system IF and the reference power of the
electrical generator 10 or power conditioner 20 of the
electrical generating unit U. The monitor-side search in-
struction generator 106 compares the calculated electri-
cal generation ratios and determines whether or not there
exists an electrical generating unit U having an electrical
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generation ratio lower by a prescribed degree. If a power
supply system IF exists having an electrical generation
ratio lower by a prescribed degree, the monitor-side
search instruction generator 106 generates and outputs
an operating point search instruction to the power con-
ditioner 20 of the electrical generating unit U that has an
electrical generation ratio lower by the prescribed de-
gree.

[0079] Accordingtothe above-described power supply
system IF of the seventh embodiment, based on the ac-
quired position information, the electrical generation ratio
of a power supply system IF installed in the vicinity of the
control target power supply system IF and the electrical
generation ratio of the control target power supply system
IF are compared and a determination is made of whether
or not there exists an electrical generating unit U having
an electrical generation ratio that is lower by a prescribed
degree. This enables the power supply system IF to more
appropriately establish the timing of a search for the op-
erating point.

(Eighth Embodiment)

[0080] Next, the eight embodiment will be described.
The points of difference from the first embodiment will be
the focus of the description, and functions and the like
that are in common with the first embodiment will be omit-
ted. In the first embodiment, if the electrical generation
ratios of all of the electrical generating units U have been
acquired, the search instruction generator 48 compares
the electrical generation ratios of the electrical generating
units U and determines whether or not an electrical gen-
erating unit U having an electrical generation ratio that
is lower by a prescribed degree exists. In contrast, in the
eighth embodiment, in the power supply system 1, ifthere
is a mixture of power conditioners 20 for which the ref-
erence power is the maximum output power or rated out-
put power of the electrical generator 10 and power con-
ditioners 20 for which the reference power is the maxi-
mum output power or rated output power of the converter
30, the search instruction generator 48 compares the
electrical generation ratios between electrical generating
units U, excluding electrical generating units U that sat-
isfy a prescribed condition (for example, those electrical
generating units U having the output characteristics of
the converter 30 taken as the reference power and having
an electrical generation ratio of 100%) and determines
whether or not there exists an electrical generating unit
U having an electrical generation ratio that is lower by a
prescribed degree.

[0081] The power supply system 1 of the present em-
bodiment has a plurality of electrical generating units U.
In the electrical generating units U, for example, a power
conditioner 20 and an electrical generator 10 are paired.
Of the electrical generating units U, the reference power
of the power conditioner 20 included in at least one elec-
trical generating unit U is the maximum output power or
rated output power of the electrical generator 10, and the
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reference power of the power conditioner 20 included in
at least one electrical generating unit U is the maximum
output power or rated output power of the converter 30.
The storage 52 of the present embodiment has stored
therein as reference power information the type of refer-
ence power of each of the electrical generating units U,
associated therewith. The type of the reference power is
information of whether the maximum output power or rat-
ed output power of the electrical generator 10 or the max-
imum output power or rated output power of the converter
30.

[0082] FIG. 20 is a flowchart showing the flow of
processing executed by the controller 40 of the eighth
embodiment. This processing is executed repeatedly, for
example with a pre-established second period. The sec-
ond time period is, for example, longer than the first pe-
riod.

[0083] First, the search instruction generator 48 se-
lects one power conditioner 20 from the other power con-
ditioners 20 or from the central controller 46 and acquires
the output power thereof (step S300) via the communi-
cator 60. Next, the search instruction generator 48 ac-
quires from the storage 52 the reference power of the
converter 30 thereof (step S302). next, the search in-
struction generator 48 acquires from the storage 52 the
type of reference power corresponding to that converter
30 (step S304). Next, the search instruction generator
48 calculates the electrical generation ratio by dividing
the output power of the converter 30 acquired at step
S300 by the reference power acquired at step S302 (step
S306).

[0084] Next, the search instruction generator 48 deter-
mines whether or not the electrical generation ratios of
all electrical generating units U have been acquired (step
S308). Ifthe electrical generation ratios of all the electrical
generating units U have been not acquired, return is
made to step S300, the next power conditioner 20 is se-
lected, and the output power thereof is acquired.

[0085] If the electrical generation ratios of all the elec-
trical generating units U have been acquired, the search
instruction generator 48 excludes electrical generating
units U that have an electrical generation ratio of 100%
from among electrical generating units U that have the
maximum output power or rated output power (output
characteristics) of the converter 30 as the reference pow-
er (step S310). This excludes from monitoring the "elec-
trical generating units U that have an electrical generation
ratio of 100%." In this processing, "electrical generating
units U that have an electrical generation ratio of 100%,"
may, for example, be replaced by "electrical generating
units U that have an electrical generation ratio of 99.5%
or greater." Next, the search instruction generator 48
compares the electrical generation ratios between the
electrical generating units U that were not excluded at
step S310, and determines whether or not there exists
an electrical generating unit U having an electrical gen-
eration ratio that is at least a prescribed degree lower
(step S312).
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[0086] If there is no electrical generating unit U having
an electrical generation ratio that is lower by a prescribed
degree, the processing of this flowchart ends. If there
exists an electrical generating unit U having an electrical
generation ratio that is lower by a prescribed degree, the
search instruction generator 48 generates a search in-
struction signal (step S314). Next, the search instruction
generator 48 transmits the generated search instruction
signal to the electrical generating unit U that was judged
to have an electrical generation ratio lower by a pre-
scribed degree (step S316). This ends the processing of
this flowchart.

[0087] FIG. 21 describes an excluded electrical gen-
erating unit U. In the drawing, the vertical axis represents
the electrical generation ratio (%), and the horizontal axis
represents time (t). The trend curve L4 shows the output
characteristics of an electrical generating unit U when
the power that is generatable by the electrical generator
10 of the electrical generating unit U is lower than the
maximum power or rated power of the converter 30. The
trend curve L5 shows the output characteristics of the
electrical generating unit U when the power that is gen-
eratable by the electrical generator 10 of the electrical
generating unit U is greater than the power than the max-
imum output power or rated power the converter 30. In
this case, the reference power is established, for exam-
ple, by the maximum output power or rated output power
of the power conditioner 20.

[0088] As shown in the drawing, during the time D the
electrical generation ratio of the trend curve L5 is 100%.
In this time period, an electrical generating unit U corre-
sponding to the trend curve L5 is excluded from monitor-
ing. This is because, if there is a case where there is a
spread between the power by the electrical generator 10
included in an electrical generating unit U corresponding
to the trend curve L5 and the power converted by the
converter 30 of the power conditioner 20, making it im-
possible to determine with good accuracy whether or not
the electrical generation ratio of an electrical generating
unit U corresponding to the trend curve L5 is low. As
described below, this is also to remove it from being com-
pared with the other electrical generating units U.
[0089] Consider the case in which the power that is
generatable by the electrical generator 10 eliminates the
processing (the processing of the above-described step
S310) to exclude an electrical generating unit U that can
output a power large than the converter 30 and also has
an electrical generation ratio of 100%. In this case, be-
cause the reference power is the maximum output power
or rated output power of the converter 30, the power ac-
tually output by the electrical generator 10 might be great-
er than the reference power. If an electrical generating
unit U in which there is a spread between the power out-
put by the electrical generator 10 and the power output
by the converter 30, is made a target of comparison with
other electrical generating units U, it could be impossible
to judge with good accuracy whether or not there exists
an electrical generating unit U having a low electrical gen-
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eration ratio.

[0090] In contrast, in the present embodiment, by ex-
cluding electrical generating units U having a electrical
generation ratio of 100%, electrical generating units U in
which a spread does not occur between the power output
by the electrical generator 10 and the power output by
the converter 30 are taken as targets for comparison with
other electrical generating units U. This enables the pow-
er supply system 1 to determine with accuracy whether
or not there exists an electrical generating unit U having
a low electrical generation ratio.

[0091] More specifically, the search instruction gener-
ator 48, for example, derives a representative value from
all the electrical generation ratios, compares the repre-
sentative value with the electrical generation ratio of the
target electrical generating unit U and, if there is an ab-
normality in the electrical generating unit U, unless an
electrical generating unit U having an electrical genera-
tion ratio of 100% is excluded, there is a case in which
the representative value differs from the case in which
the electrical generation ratio actually output by the elec-
trical generator 10 is taken into account. In the present
embodiment, because only the electrical generation ratio
derived from the power actually output by the electrical
generator 10, it is possible to determine with better ac-
curacy whether or not there exists an electrical generat-
ing unit U having a low electrical generation ratio.
[0092] If the reference power is the maximum output
power or rated output power of the electrical generator
10, the electrical generator 10 might output a power that
exceeds the maximum output power or rated output pow-
er, in which case the electrical generators 10 of other
electrical generating units U operate in the same envi-
ronment (for example, luminance and temperature). If
the maximum output power or rated output power of the
power conditioner 20 is greater than power output by the
electrical generator 10, the power output by the electrical
generator 10 is output without limiting. For that reason,
the power supply system 1 can determine with good ac-
curacy whether or not there exists an electrical generat-
ing unit U having a low electrical generation ratio, without
excluding electrical generating units U having an electri-
cal generation ratio of 100% or greater than 100%.
[0093] According to the above-described eighth em-
bodiment, the search instruction generator 48, by exclud-
ing electrical generating units U satisfying a prescribed
condition in determining whether or not there is an elec-
trical generating unit U having an electrical generation
ratio that is lower by a prescribed degree, a more accu-
rate determination can be made of whether or not there
exists an electrical generating unit U with a low electrical
generation ratio.

[0094] The constitutions of the first to the eighth em-
bodiments described above may be arbitrarily combined.
For example, in the power supply system 1, of the power
conditioners 20-1A and 20-1B (various central inverters),
the power conditioner 20-1C (string inverter), the power
conditioner 20-1D (micro-inverter), and the electrical
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generation controller 120 (power optimizer or the like),
different power-changing apparatuses may be combined
for use.

[0095] According to at least one above-described em-
bodiment, by having a plurality of power conditioners (20,
30, 120) that convert a form of electrical power generated
by a plurality of electrical generators into a different form
of electrical power; an acquisition device that acquires a
respective information regarding power output from each
of the plurality of power conditioners; a search instruction
generator that makes reference to the respective infor-
mation acquired by the acquisition device generates and
outputs an operating point search instruction to one or
more power conditioners being lower in a ratio of output
power with respect to a reference power by at least a
prescribed degree than one or more different power con-
ditioners, the one or more different power conditioners
and the one or more power conditioners being of the plu-
rality of power conditioners, wherein the reference power
is given, based on the maximum output power or rated
power of the corresponding electrical generator, or based
on the maximum output power or rated power of the pow-
er conditioner, the timing of search for an operating point
can be established more appropriately. Although the ref-
erence power is made the rated power or the maximum
output power, it may be based on a difference index. For
example, it may be a power in the NOCT (nominal oper-
ation condition temperature).

[0096] While certain embodiments of the present in-
ventions have been described, these embodiments have
been presented by way of example only, and are not
intended to limit the scope of the inventions. Indeed, the
novel embodiments described herein may be embodied
in a variety of other forms; furthermore, various omis-
sions, substitutions and changes in the form of the em-
bodiments described herein may be made without de-
parting from the spirit of the inventions. The accompany-
ing claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

Claims
1. A power supply system comprising:

a plurality of power conditioners that convert a
form of electrical power generated by a plurality
of electrical generators into a different form of
electrical power;

an acquisition device that acquires a respective
information regarding power output from each
of the plurality of power conditioners;

a search instruction generator that makes refer-
ence to the respective information acquired by
the acquisition device generates and outputs an
operating point search instruction to one or more
power conditioners being lower in a ratio of out-
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put power with respect to a reference power by
at least a prescribed degree than one or more
different power conditioners, the one or more
different power conditioners and the one or more
power conditioners being of the plurality of pow-
er conditioners,

wherein the reference power is given, based on
the maximum output power or rated power of
the corresponding electrical generator, or based
on the maximum output power or rated power
of the power conditioner.

The power supply system according to claim 1,
wherein the power that is generatable by the electri-
cal generator is smaller than the maximum power of
the power conditioner.

The power supply system according to claim 1,
wherein the power that is generatable by the electri-
cal generator is larger than the maximum power of
the power conditioner.

The power supply system according to claim 1,
wherein the power that is generatable by atleastone
electrical generator is smaller than the maximum
power of the power conditioner, and

the power that is generatable by at least one electri-
cal generator is larger than the maximum power of
the power conditioner.

A power supply system comprising:

a plurality of power conditioners that convert a
form of electrical power generated by a plurality
of electrical generators into a different form of
electrical power;

an acquisition device that acquires a respective
information regarding power output from each
of the plurality of power conditioners;

a search instruction generator that makes refer-
ence to the respective information acquired by
the acquisition device and, generates and out-
puts an operating point search instruction to one
or more power conditioners being lower output
power with respect to a reference power by at
least a prescribed degree than one or more dif-
ferent power conditioners, the one or more dif-
ferent power conditioners and the one or more
power conditioners being of the plurality of pow-
er conditioners,

wherein the acquisition device and the search
instruction generator are accommodated in or
are disposed together with at least one of the
plurality of power conditioners,

wherein one or more power conditioners of the
plurality of power conditioners do not accommo-
date in or are not disposed together with the ac-
quisition device and the search instruction gen-
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erator, and wherein the one or more power con-
ditioners of the plurality of power conditioners
transmits to the acquisition device information
regarding its own output power and receives
search instruction from the search instruction
generator.

The power supply system according to claim 5,
wherein the search instruction generator generates
and outputs an operating point search instruction to
one or more power conditioners being lowerin aratio
of output power with respect to a reference power
by at least a prescribed degree than one or more
different power conditioners, the one or more differ-
ent power conditioners and the one or more power
conditioners is of the plurality of power conditioners,
the reference power is established for each of the
power conditioners, based on the maximum output
power or the rated power of a corresponding electri-
cal generator, or based on the maximum output pow-
er or rated power of the power conditioner.

The power supply system according to claim 1 or
claim 5, wherein the power conditioner, regardless
of an operating point search instruction from the
search instruction generator, performs processing
to vary the operating point and move the operating
point in the direction in which the output power in-
creases.

The power supply system according to claim 1 or
claim 5, wherein the acquisition device and the
search instruction generator are installed in a loca-
tion different from the plurality of power conditioners.
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FIG. 11

START

REFERENCED
GENERATED POWER

NO

NO

ACQUIRE OUTPUT POWER

— 5204

A

ACQUIRE REFERENCE POWER

— 5206

Y

CALCULATE ELECTRICAL
GENERATION RATIO

— 8208

ELECTRICAL GENERATION
UNITS ACQUIRED?

ELECTRICAL GENERATING
RATIO EXISTS?

YES

S210

RATIOS OF ALL ELECTRICAL GENERATING

UNIT WITH LOW ELECTRICAL GENERATION

NO

¥

GENERATE SEARCH
INSTRUCTION SIGNAL

— 5214

l

TRANSMIT SEARCH
INSTRUCTION SIGNAL

— 5216

IA

¥

RETURN

22




EP 3 358 436 A1

P
GP
£ AR—
N
\.. H H
1100: 11300
0000 0600 1200 1800 2400
©oooo) t

23



EP 3 358 436 A1

cul

YINOLLIONGD

43M0d
bl

-

4¢-0¢

“TVNDIS NOLLYWHOANI
NOTLONYLSNI : NOILVYINO
HO¥V3S | VOIMLOTH

cul

YANOLLIANOD

dIN0d
Ul

{

d1-0¢

g [

g5-01 Emno—
g4¢-01 Hmvo—
g1-0l Hmmuo—

¢l DId

24



EP 3 358 436 A1

YINOILIANGD

43Mod

L

J¢-0¢

TVNDIS NOLLYWHOLNI
NOLLIMYLSNI : NOILVYINTD
HOYV3S | IVOIMLOdH

YINOLLIGNGD

4IMod

{

J1-0¢

Ir-01

9€-01

J9¢-01

J1-01

vl DId

25



EP 3 358 436 A1

..................................................... RRAR—- i
MANOILIONOD ar
¥30d c-01
TYNOIS | NOLLYRHONI az-02 |
NOLLONYLSNI | NOLLV¥3NTD | |
HOWV3S | TVOMLOTTH
MANOLLIONOD Tl
TYNDIS m e al-ol
N _NOLLOMYLSNI HOWVES : o m
NOLLVRiOaNT
I NOLLVYINTD IVOIMLOTTS /
; AU a1-02
| SNIVdvddy e eeeer et e et
aoot ONIMOLINOW

26



EP 3 358 436 A1

TVNOIS NOLLOMYLSNI HOWV3S

¥ITIOHLNO
| NOLLYAEND
TVORLOTT
m 2-021
¥ITIONINGD
| MENOLLINOD
" NOLLY¥ENZD
4o VOILOTT
] T
m 30¢ I-0¢1 m

N~ (ot VNOIS NOLLONWISNI HoWv3S

NOTIVIROANI NOILVEENED WOT4LOT

'

| snivevaav

4001~ oNnyoLiNok

3¢-01

31-01

91 DId

27



EP 3 358 436 A1

FIG. 17

120

ELECTRICAL GENERATION
CONTROLLER

126

ELECTRICAL
GENERATION UNIT

124
DC-DC GONVERTER

122

CONTROLLER-SIDE
COMMUNICATOR

28



EP 3 358 436 A1

44TIOULINOD

R NOILYY3NAD
TVOIMI0A
TVNDIS | NOLLYANONI N-%N_
NOLLONYLSNI | NOTLV¥INID
HOYV3S | TWOI4LOT T :
/\l/
TVNDIS HANOLLIGNOD TVNDIS 43 T104LNOD
NOILOMYLSNI MAMOd NOITLOMYLSNI NOLLVYNID
06 L HowEs L HowvEs TWORIH
NOTLVRYOANI NOILYWHOANI
“ NOILY¥INID ) NOILY¥INTD {
; R ANIRERE 302 RANIRERE 1-0Z1
| snivdvddv
3001 ONIHOLINOW

3¢-01

31-01

81 "DId

29



EP 3 358 436 A1

420
.......... OIS NOLORUISNL bOA3S | | ENOLLIONGD 1z-01 |
NI IVIRHON T
NOLLVSENED WOIULOTH |
m | 42-0¢ W
¥ANOILIONOO
m TVNOIS ¥amod 41-01
N NOLLOMWISNI HOWVES  : -
NOLLYWYOINI
L NOLVMANTD TWOIMIOTT ( |
4102
EIT B
N el TETETITEN]
NOLLVINOANI NOILISOd _,_o:Naoh_
0¢1
| snivavday
4001~ onruoLINOM 10

61 DId

30



EP 3 358 436 A1

FIG. 20
( st )

/

\

A

Y

REFERENCE POWER TYPE

\

GENERATION RATIO

S308

ELECTRICAL GENERATION
RATIOS OF ALL ELECTRICAL GENERATING
UNITS ACQUIRED?

YES

ACQUIRE OUTPUT POWER | S300

ACQUIRE REFERENCE POWER | S302

ACQUIRE -~ $304

CALCULATE ELECIRICAL | _ ¢306

NO

FROM_AMONG ELECTRICAL
GENERATING UNITS
THAT HAVE MAXIMUM OUTPUT POWER
OR RATED OUTPUT POWER,
EXCLUDE ELECTRICAL GENERATING UNITS
THAT HAVE AN ELECTRICAL
GENERATION RATIO OF 100%

—— 8310

S312

ELECTRICAL GENERATING
UNIT WITH LOW ELECTRICAL GENERATION
RATIO EXISTS?

INSTRUCTION SIGNAL

\

INSTRUCTION SIGNAL

)

NO

GENERATE SEARCH _~S314

TRANSMIT SEARCH _~$316

i

\

( RETURN )

31



FIG. 21

ELECTRICAL
GENERATION RATIO

[%] &

100

EP 3 358 436 A1

L4

L5

32

X

o ¥



10

15

20

25

30

35

40

45

50

55

EP 3 358 436 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2016/076616

A. CLASSIFICATION OF SUBJECT MATTER
GO5F1/67(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO5F1/67

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho  1996-2016
Kokai Jitsuyo Shinan Koho 1971-2016 Toroku Jitsuyo Shinan Koho  1994-2016

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

A JP 2014-67259 A (Panasonic Corp.), 1-8
17 April 2014 (17.04.2014),
entire text; all drawings
(Family: none)

|:| Further documents are listed in the continuation of Box C. |:| See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered to date and not in conflict with the application but cited to understand
be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international filing “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than the being obvious to a person skilled in the art
priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
10 November 2016 (10.11.16) 22 November 2016 (22.11.16)
Name and mailing address of the ISA/ Authorized officer
Japan Patent Office
3-4-3,Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915, Japan Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

33

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.




EP 3 358 436 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2012221151 A[0003] « JP 2013157595 A [0003]
« JP 2012186263 A [0003] * JP 2013065797 A [0003]
« JP 2014216507 A[0003]

34



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

